The world economy has been severely affected by the global recession which started from the second quarter of 2007 triggered by the financial crisis. The auto industry in the U.S. faced the most severe difficulties which threatened its survival after the recession. In the U.S. especially the "Big 3" the General Motors, Ford, and Chrysler struggled to stay in the business. This paper analyzes the impact of recent downturn on U.S. auto industry in general, and the demand of Ford vehicles in particular. The study also discusses the past and present performance of Ford Motor Company in the light of changing economic conditions at home and abroad. The empirical study uses twenty years sales data to estimate a time-series demand model for Ford vehicles.The study found that the demand for automobiles in the U.S is positively related to non-farm employment and single family housing start and negatively related to gas price and vehicle price.
Introduction
Historically after every postwar recession automobile industry has been one of the major forces in the U.S. economic recovery. Some industry analysts believe that the automotive sector has experienced the same bubble as the housing sector and that it will never return to prosperity (Boudette and Shirouzu, 2008) . The Great Recession that began during the middle of 2007 due to the collapse of subprime mortgage market ushered in the worst financial crisis in seventy five years. The U.S auto industry, because of its forward and backward linkages, consumer spending reached near death in 2009 when GM and Chrysler both took government bailouts and entered into bankruptcy. The auto sales hit the 30-year low and employed half as many people as it did in 2000 (the peak was in 2007 with 1 million) (Krisher et al. 2009 ).
However, recent industry reports suggest automakers are hiring again and the auto sales are rising. Americans bought 10.6 million cars and trucks in 2009 , 11.8 million in 2010 , and 13 million in 2011 (WardsAuto, 2011 . Compared to June 2009, auto industry's employment has increased by 12 percent by the end of 2011 although small but the employment creates a ripple effect on the economy. A study by the Center for Automotive Research (CAR, 2010) estimated that for every new auto manufacturing job creates nine other jobs from part manufacturing to restaurant employees. The CAR study found the impact of $80 billion aid to GM, Chrysler, GMAC, and Chrysler Financial, saved 1.4 million jobs in 2009-10, prevented personal income loss of $76.5 billion, and generated net gain for federal government in terms of changes in transfer payments, social security receipts, and personal income taxes $28.6 billion. Many industry analysts wonder how Ford was able to overcome the recession while GM and Chrysler went bankrupt. What factors contributed to Ford's survival in the aftermath of the global financial crisis and earn record profit last year deserve a closer look from the industry standpoint. This paper analyzes Ford Motor Company's past and present performances in the light of changing economic conditions at home and abroad and its adaptability to customers' tastes and preferences that has positively affected its sales. The objective of this study is to estimate the demand for Ford vehicles in North America and the factors influence the demand. The study uses twenty-year time series data on several macro-economic variables and applied cointegration and error correction models to determine the demand for Ford motor company. The study found that the demand for automobiles in the U.S is positively related to non-farm employment and single family housing start and negatively related to gas price and vehicle price.
The organization of the paper is as follows: the next section discusses some of the recent studies in automobile demand analysis followed by the methodology used in this study. The fourth section discusses the sources of data and reports the model results followed by a section on summery and conclusions.
Recent Studies in Automobile Demand Analysis
Automobile sales in the U.S. dropped significantly in the last recession compared to recessions in 1982 and 2001 due to three 'rough waves' -high gasoline prices, the credit crunch, and the job losses (Chu and Su, 2010) . Historically housing market and automobile industry contribute significantly to U.S. GDP growth as a result when recession hits these two sectors it causes the major fall in GDP. From its peak during the fourth quarter of 2007 to second quarter of 2009 the U.S. GDP, residential investment, and auto production decreased from $13.3 trillion, $525 billion, and $402 billion to $12.6 trillion, $344 billion, and $223 billion, respectively. During this period the fall in GDP was 5.14 percent while the fall in residential investment was 34 percent and the fall in auto production was 44 percent (Table 1; Figure 1 ). Thompson and Merchant (2009) found that employment and GDP growth among states in the U.S. are directly linked to increased revenue of U.S. automakers than the Japanese automakers, except for Toyota. Although, the overall economic scenario has improved in the last quarter of 2010 in terms of auto sales (rose by 43 percent) and GDP, but the housing market went downhill in all these years including 2011. Most of the researchers believe it will take a long time for the U.S. economy to return to its 2007 peak economic activities. According to an industry report (Ward's Yearbook, 2010) the lowest total vehicle sales in 2009 recession (10.6 million seasonally adjusted annual rate) was the lowest since 1981 (when 9 million vehicles were sold), although U.S. population is 30 percent larger in 2009 (307 million) than in 1981 (230 million).
In an effort to estimate the long-term automobile demand and determine the fundamental factors that drive the cyclical fluctuations Chu and Su (2010) simulated three scenarios for auto industry: downside, baseline, and upside. The study concludes that the recovery for the auto industry is inevitable and with a significantly different demographics and transportation infrastructure, the auto industry in the U.S. is unlikely to repeat the Japanese scenario. Japan's peak auto sales in 1990 were 7.6 million, falling to 6 million at the end of the decade and sales fell further to 4.5 million in 2009.
In their baseline scenario the authors predict that the auto sales would return to 12 million in 2010, up from 10.6 million in 2009, and rising steadily to 16.6 million in 2015. Plache (2011) argues that the consumer demand for auto purchases depends on "3 C's" -cash (ability to pay), credit (ability to borrow), and confidence (motivation to buy). The study predicts that due to a large pent-up demand for automobiles during this recovery period auto sales may exceed all current and future projections.
Studies have found although the new vehicle sales are down during the last recession, the percentage of registered drivers in the U.S. remained stable over the last four decades even when the nation has experienced several oil shocks, recessions, and internet and technology revolutions. Although, the consumers are not buying the new vehicles the demand for used vehicles has gone up significantly and the price of used vehicles shows a sharp increase after the recession. Chu and Delgado (2009) explored the relationship between the demand for new vehicles and several other factors such as, the flow of new drivers into the market, changes in the average number of vehicles per driver, and the number of vehicles gets scrappage every year. The authors found that as Mexico progressively open the market for used car imports from USA from 2009 as per NAFTA regulation and fully liberalizing by 2019, the new vehicle sales in Mexico will reduce significantly and the new vehicle sales in the U.S will increase. The study estimates the loss of revenue to both auto makers and the Mexican government could reach as high as $100 billion between 2009 and 2019. Due to non-availability of comparable sales data from competitive firms, the current study analyzes the factors determining the demand for Ford vehicles which is assumed to be the mirror image of the industry demand. A brief overview of the company, its products and services, and economic performance is provided below as a background for the analysis. Ford's market position was extremely strong compared to their competitors. In 2010 Ford's net income was 6.56 billion higher than those of its main competitors General Motors and Toyota Motor Corporation (whose net income figures are $4.67 billion and $5.93 billion, respectively). Its operating margin of 6.9 percent was also the highest among the three. Ford's market share of the auto market was 16.2 percent, the second largest among the Big Five (General Motors, Ford, Toyota, American Honda, and Chrysler), and only 1.9 percent lower than General Motors (see Figure 2 ). Last year Ford became the best-selling automaker in Canada after more than 50 years, its sales are also increasing in China and India by 32 and 168 percent, respectively (Ford Annual Report, 2010).
Brief Overview of the Company

Methodology
It is recognized in the auto industry that the demand for new vehicles depends on a host of factors such as, macroeconomic variables, social, government regulations, and technology. Researchers in automobile demand analysis found a fairly consistent set of variables influence long-run demand for automobiles. It is hypothesized in this study that the demand for new vehicles is negatively related to vehicle prices and gasoline prices and positively related to new housing starts, household income, and employment. We recognize that the price of competing vehicles has a positive impact on the Ford vehicle sales hence, should be included in the demand equation. But due to non-availability of comparable data for the period under study the empirical study excludes this variable. It is observed from the historical sales data that automobile sales are significantly lower during the periods of recession hence, a variable representing the year of recession is included as an explanatory variable in the regression. Following Chu and Su (2010) this study used cointegration and error correction model for demand analysis. The cointegration model is defined as: One of the major problems in regression analysis using time-series data is that the residuals are often not distributed uniformly around the mean -implying sudden large differences between the expected (fitted) sales and the actual sales. In such circumstances a dynamic structure of the demand equation is estimated incorporating the error term (residual) from the original cointegrating model as one of the independent variables along with the lagged value of the dependent variable, and the first difference of all other independent variables. The error correction model is defined below in equation (2): "D" denotes difference in value of the variable between the current and the previous year.
The Data and Analysis of the Results
Annual data from 1990 to 2010 for units of vehicles sold by Ford came from Ford Motor's SEC filings and forms with the U.S. Securities and Exchange Commission (U.S. SEC, 2011). The data on average price of Ford vehicles are derived from the information on Ford's sales volume and revenue data from SEC filings for various years and Ford's 10-K reports. The historical data on average annual retail price for gasoline are obtained from the U.S. Energy and Information Administration (USEIA, 1961 (USEIA, -2010 . The historical data on annual non-farm employment and GDP came from Bureau of Labor Statistics (BLS, 2011) and Bureau of Economic Analysis (BEA, 2011), respectively. The information on annual housing starts for single family is obtained from National Association of Home Builders (NAHB, 2011). Information on U.S. business cycle activities was collected from National Bureau of Economic Research (NBER, 2011). The descriptive statistics for the variables used in the study are reported in Table 2 .
Initially, several macroeconomic variables such as, GDP, consumer credit flow, household income, and unemployment rate were tested for inclusion in the model but turned out insignificant hence, dropped out of the final model. Parameter estimates from the cointegration model (equation 1) are reported in Table 3 . In terms of the explanatory power the model performs well and all independent variables have expected signs and are significant. However, low Durbin-Watson statistics suggests autocorrelation exists (DW<2), which is further evidenced when the residuals were plotted against the actual and the fitted values. The large spikes were observed for some years ( Figure 3 ).
Next we estimated the error correction model (equation 2) and the results are reported in Table 4 . Initially, the lagged values of the residuals from the cointegrating model (R -1 ) were included as an independent variable in the error correction model but the results did not improve and DW statistics remained below 2. Hence, we decided to run the model with current residuals instead of lagged residuals. All independent variables, except for the first difference of vehicle price have expected signs and are significant. Gasoline price has a significant structural negative impact and housing start and non-farm employment have a significant positive structural impact on new car sales. One of the possible reasons for the 'first difference in annual vehicle price' variable not significant is that when automakers aggressively cut vehicle prices consumers generally buy higher grade cars rather than buying more cars, for example, entry-luxury cars rather than mid-size cars (Chu and Su, 2010) .The results from this model are consistent with Chu and Su (2010) . Overall the explanatory power of the error correction model (Table 4) Positive and significant coefficient on the residuals suggests the difference between the consumers' expectations about the future macroeconomic activities and the course of cyclical fluctuations in the current period would cause a significant positive impact on vehicle sales. The results from the cointegrating model (structural) and error correction model (cyclical) suggest that vehicle price has a significant structural impact (Table 3) but insignificant cyclical impact (Table 4) on Ford vehicle sales. The impact of gasoline prices, housing start, and non-farm employment are similar for both models. Negative signs on gasoline price and vehicle price suggest demand for new vehicles will decrease with the increase in value for these two variables. Intuitively, since the consumers generally spend a fixed amount of income on transportation, if the cost of acquiring and running a vehicle is either high at present or is expected to be high in the future, the demand for new vehicles will decrease.
Summary and Conclusions
This study investigates the impact of recent recession on the U.S. auto industry in general and the demand for Ford vehicles in particular. We found that the recession has greatly impacted the U.S. housing and auto industry, however from last quarter of 2009 auto sales are rising slowly and the industry is hiring more workers. The empirical evidence from this study shows that the recovery of sales for Ford vehicles in the future will depend on two set of factors: the macroeconomic factors such as, housing and employment; and cost factors such as, gasoline price and vehicle price. One of the drawbacks for this study is that the demand equation did not include the price of substitute vehicles (vehicles produced by competing firms) hence forecasting future demand based on current study would not be consistent and accurate. This study did not make any attempt to forecast future auto sales for Ford Motor Company based on our econometric model. However, the company expects that the overall auto sales will grow in 2012 due to economic recovery because, conventionally the auto market is expected to recover faster than the housing market since cars wear out sooner than houses.
With annual GDP growth expected to be 2.5 percent, current unemployment reaming at 8.5 percent, and gasoline price expected to be $3.70 per gallon for 2012 Ford expects that the future demand will come from fuel efficient cars in the market. However, studies have found although the gasoline expenditure accounted for 5 percent of consumers' expenditure in 2007-09, a one-cent increase in gas price reduces consumption by 0.2 percent in terms of miles driven and not switching to more fuel efficient vehicles (Bento et al. 2009 ). Klier and Linn (2009) rd ($2, 966) for annual fuel cost (Honda being the lowest $2,834, followed by Toyota $2,861). Some industry analysts predict that future demand for automobile will greatly influenced by availability of new and stylized vehicles and auto transaction prices. With the rising inflation, average auto prices are expected to rise while vehicle incentives from auto manufacturers are expected to decrease. Plache (2011) found that for the industry as a whole the new vehicle prices increased by 5.7 percent and the average vehicle incentives decreased by 5.6 percent, the combination acted as a neutralizing effect on vehicle sales in the U.S. He believes that this trend will continue in the recovery phase in 2012 and beyond. (GDP data revised July30, 2011) 
Source: Bureau of Economic Analysis
